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Materials and Methods 
 
Materials: 
NAD
+, N-methyl-N’-nitro-N-nitrosoguanidine (MNNG), Tritxon X-100, and 
acetophenone were purchased from Sigma-Aldrich (St. Louis, MO).  The PARP 
inhibitor 4 -amino-1,8-napthalimidine was purchased from Calbiochem (San 
Diego, CA).  Propidium iodide and Annexin V Alexa Fluor 488 conjugate were 
purchased from Molecular Probes (Eugene, OR).  96 and 24-well plates, H2O2, 
88% formic acid and all other chemicals were purchased from Fisher (Chicago, 
IL). 
 
Cell Culture Conditions: 
  U-937 cells were grown in RPMI 1640 media supplemented with 10% FBS 
and incubated at 37 °C in a 5% CO2, 95% air atmosphere.  U-937 cells were split 
every two to three days as needed.   
 
Figure 1 -- Activation of PARP: 
  Media (50  mL) was added to the control wells of a 96-well plate.  The 
experimental wells contained media (50 mL) with MNNG (200 mM) or  H2O2 (20 
mM).   U-937 cells (50 mL) at a concentration of 5 x 106 cells/mL were then added 
to each well to give final concentrations of 100 mM MNNG or 10 mM H 2O2.  The 
cells were incubated for various times and the plate was spun at 1000 g for 5 
min.  The cell media was removed and replaced with 50 mL Lysing PARP buffer 
(50 mM Tris, 10 mM MgCl2, pH 8.0, 1% (v/v) Triton X-100) containing NAD
+ (20 
mM).  The plate was then incubated for 60 min at 37 °C.  To determine the 
amount of NAD
+ still present, KOH (20 mL of 2 M) and acetophenone (20 mL of a 
20% (v/v) in ethanol) solution was added to each well of the 96-well plate.  The   2 
plate was then incubated for 10 min at 4 °C.  Formic acid (90 mL of an 88% (v/v) 
solution) was added to each well of the 96-well plate.  The plate was then 
incubated for 5 min. in an oven set to 110 °C.  The plate was allowed to cool and 
then read on a Criterion Analyst AD (Molecular Devices, Sunnyvale, CA) with an 
excitation of 360 nm and an emission of 445 nm (see exact settings, below).  The 
number of moles of NAD+ cleaved per minute was then calculated and plotted.  
Trials were also performed in the presence or absence of 4 -amino-1,8-
napthalimidine (100 mM), an inhibitor of PARP activity.   
 
Fluorescence Plate Reader Settings:   
Fluorescence was measured on a Criterion Analyst AD using a 360 +/- 15 
nm excitation filter, a 445 +/- 15 nm emission filter and a 400 nm cutoff dichroic 
mirror.  The fluorophore was excited using a 1000 W continuous lamp for 1.6 x 
10
5 ms with 5 reads performed per well. 
 
Figure 2 -- Apoptosis/Necrosis Differentiation: 
PARP Activity:  Media (50  mL) containing either etoposide (20  mM) or 
MNNG (200 mM) were added to the wells of a 96-well plate in triplicate.  U-937 
cells  (50 mL) at a concentration of 7.5 x 10
6 cells/mL were added to the plate and 
incubated for various times.  After the incubation period, the plate was spun at 
1000 g for 5 min to pellet the cells.  The cell media was removed and replaced 
with Lysing PARP buffer (50 mL) containing NAD
+ (20 mM) and H2O2 (25 m M).  
The plate was then incubated for 60 min at 37 °C.  The amount of NAD+ 
remaining was determined exactly as above.  Without the addition of hydrogen 
peroxide there is little PARP activity in the etoposide-treated cells relative to 
background. 
 
Caspase-3 Activity Assay:  The amount of caspase-3 like protease 
activity was determined by the amount of Ac-DEVD-pNA (N-acetyl-ASP-Glu-Val-
Asp-p-nitroanilide) cleaved per minute by cell lysates.  To accomplish this, media 
(50 mL) containing either etoposide (20 mM) or MNNG  (200 mM) were added to 
the wells of a 96-well plate in triplicate.  U-937 cells (50 mL) at a concentration of 
7.5 x 10
6 cells / mL were added to the plate and incubated for various times.  
After the incubation period, the plate was spun at 1000 g for 5 min to pellet the 
cells.  The cells were then washed with  PBS (100 mL; 137 mM NaCl, 2.7 mM KCl, 
4.3 mM Na2HPO4, 1.4 mM KH2PO4, pH 7.4) and resuspended in ice cold Caspase 
Assay Buffer (150 mL; 50 mM HEPES, 100 mM NaCl, 10 mM DTT, 0.1 mM EDTA, 
0.1% CHAPS and 10% glycerol, pH 7.4).  Each well was then sonicated to lyse 
the cells.  90 mL of cell lysate was transferred from each well into a new plate.  
Ac-DEVD-pNA was added into each well to give a final concentration of 200 mM.  
The plate was then read every 2 minutes at 405 nm for 2 h in a Spectra Max Plus 
384 plate reader (Molecular Devices, Sunnyvale CA).  The slope of the linear 
portion for each well was used to calculate the pmoles of Ac-DEVD-pNA 
substrate cleaved per minute. 
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Flow cytometry: 
  500 mL of media containing either 20 mM etoposide or 200 mM MNNG or 
only DMSO as a control was added to the wells of a 24-well plate.  U-937 cells 
(500 mL) at a concentration of 2 x 10
6 cells / mL were then added to the 24-well 
plate in triplicate and incubated for 10 h.  The cells were harvested by centri-
fugation and washed once in PBS buffer.  The cells were then washed in 1 mL of 
AnnexinV binding buffer (10 mM HEPES, 140 mM NaCl, 2.5 mM CaCl2, pH 7.4) 
and resuspended in 100 mL of Annexin V binding buffer.  5 mL of annexin V, 
Alexa Fluor 488 conjugate was added and the tubes were incubated at room 
temperature for 15 minutes protected from light.  400 mL of Annexin V binding 
buffer was then added, followed by the addition of a solution of propidium iodide 
(1 mL of a 1 mg/mL).  The fluorescent intensity of each cell was determined by 
flow cytometry at 525 nm (green channel) and 675 nm (red channel).  At least 
50,000 cells were analyzed in each experiment.  The data collected was  then 
analyzed using Summit Software (Cytomation, Fort Collins CO). 
 
Figure 3 -- PARP Activity in Pig Tissue: 
This experimental protocol was approved by the University of Minnesota 
Animal Use Committee and was conducted in accordance with established 
guidelines for the treatment of laboratory animals.  
Male pigs (Fanning Farms, Howe, Indiana) weighing 13-20 kg were used 
for experimentation. Each animal was kept nil per os (NPO) for 12 h prior to the 
experiment with the exception of free access to water.  Animals were 
anesthetized with intramuscular ketamine (20 mg/kg) and 2 mL intravenous 
althesin (Pitman-Moore Ltd., Middlesex, UK), a steroid anesthetic which has 
minimal hemodynamic effects as compared to other anesthetic agents.
1,2  
Maintenance anesthesia was intravenous infusion of althesin (10 mg/kg/h) and 
60% inhaled nitric oxide.  The animals were endotracheally intubated and then 
ventilated using a Siemens 900 ventilator with settings adjusted to maintain a 
pO2 of 80-120 mmHg and a pCO2 of 35-45 mmHg.  Following anesthesia, the 
animals were splenectomized. The following lines were placed: Swan-Ganz 
catheter in the pulmonary artery, 12 Fr venous bypass catheter in the inferior 
vena cava (IVC), cystostomy catheter in the bladder, and an arterial catheter in 
the right carotid artery.  
The animals underwet hemorrhagic shock protocol as previously 
described.
3 Hemorrhagic shock was induced by a 35% bleed (estimated by 
weight) into a heparinized blood collection bag via IVC cannula.  The systolic 
blood pressure typically dropped to 40-50 mmHg with this maneuver.  The 
animals remained in shock for 90 minutes at which time they were resuscitated, 
with shed blood followed by lactated Ringer’s boluses till a normal blood 
pressure, cardiac output, and urine output were reached (10 cc/kg/bolus). 
  For quantitation of PARP activity, all tissue samples were first 
homogenized in ice-cold Lysing PARP buffer.  25 mL of the diluted samples were 
then added in triplicate to the wells of a 96-well plate containing 25 mL of Lysing 
PARP buffer, to determine the intrinsic fluorescence of the tissue. 25 mL of the 
diluted samples were then added in triplicate to the wells of a 96-well plate   4 
containing Lysing PARP buffer (25 mL) containing NAD+ (40 mM).  The plate was 
then incubated for 30 min at 37 °C.  The amount of NAD
+ remaining after the 
incubation was determined as above except the intrinsic fluorescence of the 
tissue w as subtracted out.  The total protein concentration of each sample was 
also determined using the Bradford assay with BSA used as the standard.  The 
amount of NAD+ cleavage was then normalized to the same amount of total 
protein for each sample. 
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Figure S1:  H2O2 does not significantly affect the quantitation of NAD
+. 
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Figure S2:  Determination of apoptotic or necrotic cell death using Annexin V 
and Propidium Iodide staining as analyzed by flow cytometry. 
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